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Abstract
Nasal and temporal hemifield (1424°) pattern electroretinograms (PERGs) were recorded in eight patients (age range: 21–72
years) suffering from different post-geniculate lesions (documented by CT scan and:or MRI of the brain) and homonymous
hemianopia at visual field testing. In total eight age-matched normal subjects served as controls. PERGs were elicited by
alternating, sinusoidal gratings (90% contrast), whose spatial and temporal characteristics, 6 Hz–5 c deg1 and 15 Hz–0.58 c
deg1, were chosen to enhance the relative contributions of parvo- (P) and magno- (M) retinal ganglion cell (GC) subsystems,
respectively. Amplitudes and phases of the Fourier analyzed PERG 2nd harmonics were measured. In normal subjects, PERG
amplitudes to 15 Hz–0.58 c deg1, but not those of the 6 Hz–5 c deg1 stimuli were on average larger (PB0.05) in nasal than
in temporal hemiretinae. In hemianopic patients, PERG amplitudes of 6 Hz–5 c deg1 stimuli were on average reduced (PB0.05)
in the hemiretinae corresponding to blind hemifields, in comparison to those in the hemiretinae corresponding to functional
hemifields. No differences between hemiretinae were observed for responses of the 15 Hz–0.58 c deg1 stimuli. In both normal
subjects and patients, average PERG phases did not differ between hemiretinae, while changing significantly (PB0.01) across
stimulus conditions. The PERG naso-temporal asymmetries observed in normal subjects are consistent with the reported
asymmetries in GC density observed histologically (Curcio & Allen. (1990). Journal of Comparative Neurology, 300, 5–25). The
results in patients indicate that the PERGs to specific spatio–temporal stimuli (i.e. of relatively low-temporal and high-spatial
frequency), presented in the hemianopic field, are reduced in amplitude. This suggests, in agreement with the experimental findings
in monkeys (Cowey & Stoerig. (1991). Trends in Neuroscience, 14, 140–145), that retrograde trans-synaptic dysfunction of P-GCs,
with relative sparing of the M-subsystem, may occur in humans following lesions of post-geniculate pathways. © 1999 Elsevier
Science Ltd. All rights reserved.
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1. Introduction
Since the original report of Van Buren (1963), trans-
synaptic retrograde degeneration (TRD) of retinal gan-
glion cells (GCs) following lesions involving
post-geniculate visual pathways has been described in
both monkeys and humans (Cowey, 1974; Dineen &
Hendrickson, 1981; Cowey, Stoerig & Perry, 1989;
Cowey & Stoerig, 1991). It has been shown (Dineen &
Hendrickson, 1981) that the severity of TRD is related
inversely to the age of the subject at the time of injury,
and directly to the time elapsed following the injury.
Histological evaluations (Cowey et al., 1989) of the
retinae of monkeys whose striate hemicortices had been
removed 8 years before, revealed that up to 80% of
retinal ganglion cells died within the central 30°, and
that this transneuronal depletion affected chiefly the Pb
ganglion cells. These are known to be characterized
anatomically by small soma sizes and dendritic fields,
and functionally by small, predominantly wavelength-
opponent receptive fields, low contrast gain and linear
spatial summation (Shapley & Perry, 1986).
Clinically, there is evidence that a congenital or
developmental lesion in the visual radiations or striate
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Table 1
Clinical data of patients
Interval between onset of Optic diskPatient number, age Nature of lesionField defect
(years), sex lesion and testing (months)
1 Surgery for tumorLeft homonymous RE: normal,1. B.F., 60, M
hemianopia LE: normal
Left homonymous RE: normal,Surgery for epilepsy2. C.F., 31, M 4
LE: normalhemianopia
Right homonymous RE: normal,10 Ischemia3. N.A., 25, F
hemianopia LE: normal
RE: normal,Surgery for tumorRight homonymous4. M.S., 64, M 1
LE: normalhemianopia
RE: pallor,2405. F.P., 21, M Right homonymous Surgery for tumor
LE: pallorhemianopia
RE: pallor,126. I.P., 25, M Right homonymous Ischemia
hemianopia LE: pallor
Right homonymous RE: normal,Ischemia7. C.M., 72, M 48
LE: normalhemianopia
Right homonymous RE: normal,12 Ischemia8. B.A., 72, F
hemianopia LE: normal
cortex results in TRD with ophthalmoscopic signs of
moderate optic nerve hypoplasia and retrograde optic
tract atrophy (Hoyt, 1972; Hoyt, Rios-Montenegro,
Beherens & Eckelhoff, 1972; Kupersmith, Vargas, Hoyt
& Berenstein, 1994). The clinical demonstration of ac-
quired TRD in human adults is still controversial
(Miller & Newman, 1981). However, optic nerve at-
rophic pallor has been documented in adulthood fol-
lowing unilateral extensive lesions of the visual system
in the occipital lobe (Beatty, Sadun, Smith, Vonsattel &
Richardson, 1982), implicating that, at least in some
patients, signs of TRD can be indirectly documented.
The function of inner retina can be evaluated in
humans by the pattern electroretinogram (PERG), a
bioelectrical signal which has been shown to be an
indicator of proximal layer function (Fiorentini, Maffei,
Pirchio, Spinelli & Porciatti, 1981; Maffei & Fiorentini,
1981, 1986), probably reflecting the activity of GCs
themselves (Baker, Hess, Olsen & Zrenner, 1988). In
primate retina, GCs form two major functional classes
(Shapley & Perry, 1986): the P cells, projecting to the
parvocellular layers of the lateral geniculate nucleus
(LGN), and M cells, which send axons to the magno-
cellular layers of the LGN. P cells have small receptive
fields, have low contrast gain and are wavelength-selec-
tive. M cells have larger receptive fields than P cells, are
very sensitive to contrast, and are not wavelength-selec-
tive (Shapley & Perry, 1986). P cells respond tonically
and more slowly than M cells, whereas M cells respond
better than P cells to fast stimuli (De Monasterio,
1978). The PERG could therefore be used to test the
function of both M-and P-GC subsystems in blind and
functional hemifields of patients with post-geniculate
lesions. In the present study, PERGs were evaluated in
a sample of adult patients with homonymous hemi-
anopia due to different lesions of the optic radiations or
visual cortex. Spatio–temporal stimuli were selected in
order to separately enhance the relative contributions
of P- or M-GC subsystems (Shapley & Perry, 1986).
This approach was chosen in the attempt to determine
whether a dysfunction involving preferentially one of
the two GC subsystems, and corresponding topograph-
ically to the central lesion, can be detected in patients.
The results showed specific spatio–temporal PERG
losses in the affected hemiretinae suggesting a preferen-
tial involvement of the P-GC subsystem.
2. Methods
2.1. Subjects
In total eight patients (six males, two females, mean
age: 40 years; age range: 24–72 years) with an estab-
lished diagnosis of post-geniculate lesion documented
by computerized tomographic (CT) brain scanning and:
or magnetic resonance imaging (MRI) were included in
this study. Clinical data of patients are summarized in
Table 1. Fig. 1 illustrates schematically, for each pa-
tient, the site and extension of the lesion on three
different axial planes of the head (at 0° from orbito-
meatal plane, Cahill, Orland & Reading, 1990) from
bottom to top (sections 11 from below, 12 from below
and 12 from above, Cahill et al., 1990). Two patients
had unilateral lesions involving the optic radiations, five
had lesions of the optic radiations and occipital cortex,
and one had a lesion restricted to the occipital cortex.
The age at onset of the brain lesion ranged from 1 to 72
years, and the time elapsed from injury from 1 month
to 20 years. Standard ophthalmological examination
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Fig. 1. Schematic illustration showing for each patient (patients number refers to Table 1), the site and extension of the lesion on three different
axial planes of the head (at 0° from orbitomeatal plane, Cahill et al., 1990), from bottom to top (sections 11 from below, 12 from below and 12
from above, Cahill et al., 1990).
including anterior segment biomicroscopy, visual acuity
testing, Goldmann and Humphrey (30-2 threshold test)
perimetry, applanation tonometry and fundus examina-
tion by direct and indirect ophthalmoscopy was per-
formed in all patients. At visual field testing, six
patients had a right homonymous hemianopia, while
the remaining two had a left hemianopia. Macular
splitting (McFadzean, Brosnahan, Hadley & Mutlukan,
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1994), with preserved perimetric sensitivity to the I:4e
and I:2e targets within the central 3°, was observed in
all cases. Foveal threshold, measured at Humphrey
30-2 threshold test was]36 dB in all patients. Optical
media were clear. Corrected visual acuity was 20:20 in
both eyes of all patients. Afferent pupillary defects or
retinal or disk oedema were not observed. Two patients
showed pallor of the temporal side of the optic disk.
Refractive errors, when present, were between93 sph,
91 cyl and fully corrected for the PERG recording.
No concomitant ocular, neurologic or systemic
pathologies other than that responsibile of the brain
lesion were present.
In total eight normal subjects, whose age (mean age:
40 years, age range: 24–71 years) and sex distributions
were comparable to those of patients, were also tested.
The research followed the tenets of the Declaration
of Helsinki. Informed consent was obtained from each
subject or patient after the aims and procedures of the
study were fully explained.
2.2. Electrophysiological methods
Visual stimuli were vertical sinusoidal gratings of
different spatial frequencies, 0.58 and 5 c deg1, sinu-
soidally counterphased at the temporal frequencies of
15 and 6 Hz, respectively. These two spatio-temporal
stimulus conditions (15 Hz–0.58 c deg1 and 6 Hz–5 c
deg1) were considered to be suited for enhancing the
relative contribution of the M- and P-GC subsystems,
respectively (Merigan & Eskin, 1986; Shapley & Perry,
1986), although the two types of stimuli do not totally
isolate one population from the other. Gratings were
generated electronically on a high resolution TV moni-
tor (mean luminance: 90 c deg1 m2; contrast: 90%)
of 24 (height)14 (width) cm. The viewing distance
was 57 cm. The stimulating field was peripherally sur-
rounded by a white cardboard (140140 cm), illumi-
nated at the same mean luminance as the monitor in
order to minimize stray-light effects from the borders of
the stimulating field. Subjects fixated alternately at
small (0.5°) fixation marks located at mid-height either
to the left or to the right of the monitor, so that the
stimulus could be presented, in subsequent recording
sessions, to large areas either nasally or temporally to
the vertical meridian (i.e. in the nasal or temporal
retinal hemifields). All subjects had stable fixation. An
observer monitored patients fixation during PERG
recordings. Pupils were natural, and their size did not
differ between patients and controls after adaptation to
the stimulus mean luminance.
ERGs were recorded by a small Ag:AgCl skin elec-
trode placed over the skin of the lower eyelid of the
stimulated eye. A similar electrode, placed on the eyelid
of the controlateral, unstimulated eye, was used as
reference (interocular PERG, Fiorentini et al., 1981).
This approach represented the best compromise be-
tween signal-to-noise ratio and signal stability through-
out the recording sessions. Discussion on the
interocular PERG by skin electrodes and its relation-
ship with the PERG by corneal electrodes can be found
elsewhere (Porciatti, 1987; Porciatti & Falsini, 1993).
Retinal signals were amplified (100 000), band-pass
filtered between 1 and 100 Hz, sampled with 12-bit
resolution (0.5 ms sampling time), and computer-aver-
aged (four blocks of 100 events each) with automatic
artifact rejection. Fourier analysis (Discrete Fourier
Series) was performed off-line to isolate the responses
2nd harmonic components (for both 6 Hz–5 c deg1
and 15 Hz–0.58 c deg1 conditions) whose amplitudes
(in mV) and phases (in degrees) were measured. ‘Noise’
responses were obtained by occluding the stimulus field
with a white cardboard whose luminance was kept at
the same level as the monitor mean luminance. Average
noise amplitudes at the 2nd harmonic were 0.08 mV
(S.D.90.02).
2.3. Statistical analysis
The PERG results obtained from the nasal and tem-
poral retinal hemifields of normal subjects and patients
were statistically evaluated by a multifactorial analysis
of variance (ANOVA), with group (controls vs. two
patients groups, right and left hemianopic) as the be-
tween-subjects factor, and condition (6 Hz–5 c deg1
vs. 15 Hz–0.58 c deg1) and hemiretina (nasal vs.
temporal) as the within-subjects factors. The ratios of
amplitudes from nasal and temporal hemiretinae were
computed for each control or patient and compared
across groups by independent T-tests. PERG amplitude
ratios of the functional to the blind hemiretinal field
were calculated for each patient separately for the eye
ipsilateral or contralateral to the brain lesion, and
compared across stimulus conditions by paired T-tests.
For each analysis, the data obtained from the right eyes
were used as a single entry for each control subject or
patient, in order to avoid an overestimation of the
significance of the results. Pearsons correlation was
used to correlate relative PERG amplitude losses (i.e.
the ratios of affected to unaffected hemiretinal re-
sponses) recorded for each patient with the correspond-
ing age at onset and time elapsed from brain injury.
3. Results
PERG responses obtained from the right eye of a
control subject, at the two different spatio-temporal
stimulus conditions employed, are depicted in Fig. 2A.
Fig. 2B shows schematically the retinal location of the
stimulus. Each record in Fig. 2A represents the final
average of four blocks of 100 events each. To the right
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Fig. 2. (A) PERG responses obtained from the right eye of a control subject at the two different spatio-temporal stimulus conditions employed
in the study (see Section 2). (B) Retinal location of the stimulus. Each record in (A) represents the final average of four blocks of 100 events each.
To the right of each record, vector plots of response 2nd harmonic amplitude and phase calculated for each block average. For each data point,
the distance from the origin represents peak-to-peak amplitude, and the orientation phase angle.
of each record, amplitude and phases of the 2nd har-
monic components calculated for each block average are
shown on vector plots. For each data point, the distance
from the origin represents peak-to-peak amplitude, and
the orientation phase angle. It can be noted that response
amplitude is slightly larger for the nasal in comparison
to the temporal hemiretina, and the response phase
differs between the two stimulus conditions. Amplitude
and phase variabilities are comparable for both stimulus
conditions and retinal fields.
Fig. 3A, C summarizes the PERG and clinical data
recorded from patient number 3 (see Table 1), who had
suffered 10 months before testing for an ischemic lesion
due to an occlusion of the left posterior cerebral artery.
In Fig. 3A, PERG responses from the patients right eye
are shown together with the vector plots of partial
averages. In Fig. 3B and C, MRI and perimetric (30-2
threshold test) data from the same patient are reported.
It can be noted that responses from the nasal hemiretina
of the right eye (i.e. the blind hemiretina) are reduced in
comparison to those from the temporal (i.e. functional)
hemiretina. This reduction appears to be more marked
for the 6 Hz–5 c deg1 in comparison to the 15 Hz–0.58
c deg1 stimulus condition. PERG phases do not differ
between hemiretinae.
In Fig. 4, PERG amplitudes recorded individually
from nasal and temporal hemiretinae of control subjects
and patients are shown for both stimulus conditions.
When compared to controls, hemianopic patients had
reduced PERG amplitudes in the blind hemiretinal fields
(i.e. right hemianopia: right eye-nasal, left eye-temporal
and vice versa). The effect was apparently more marked
for the 6 Hz–5 c deg1 in comparison to the 15 Hz–0.58
c deg1 stimulus. ANOVA revealed a significant effect
of group (F (2, 15): 4.3, PB0.05), hemiretina (F (1, 48):
8.9, PB0.05), significant interactions of group by
hemiretina (F (2, 48): 6.4, PB0.05) and group by
hemiretina by condition (F (2, 48): 4.1, PB0.05), indicat-
ing that PERG losses in the patients blind hemifields
were dependent on spatio–temporal stimulus conditions.
Mean PERG phases differed significantly across stimu-
lus conditions (ANOVA, effect of condition: F (1, 48):
296, PB0.01), being more delayed for the 6 Hz–5 c
deg1 stimulus (146930° (S.E.M.)) than for the 15
Hz–0.58 c deg1 stimulus (48912°). However, no
significant effects were observed for either the group or
the interactions of group by condition and by hemiretina.
Fig. 5 shows, as histograms, the mean (9S.E.M.)
PERG amplitude ratios between nasal and temporal
hemiretinae calculated in control subjects and hemi-
nanopic patients. Data are plotted on a logarithmic scale.
In control subjects, mean naso-temporal ratios tended to
be larger than one for both stimulus conditions. In
addition, average ratios tended to be larger for the 15
Hz–0.58 c deg1 in comparison to the 6 Hz–5 c deg1
stimulus. In hemianopic patients mean naso-temporal
ratios were reduced or increased, in comparison to the
control data, according to whether the nasal hemiretina
was blind or functional (i.e. according to the side of the
lesion). This effect was statistically significant for the 6
Hz–5 c deg1 stimulus (controls vs. right hemianopias,
T (13): 4.5, PB0.01; controls vs. left hemianopias, T
(9): 3.5, PB0.01) but not for the 15 Hz–0.58 c deg1
stimulus.
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Fig. 3. (A) PERG responses from the right eye of patient number 3 (see Table 1 and Fig. 1). (B) MRI images (T1-weighted images) of the brain
lesion on two different planes (R and L indicate right and left sides, respectively) (C) Perimetric results (Humphrey 30-2 threshold test) from the
right eye.
In Fig. 6A, B, the Log of PERG amplitude losses
recorded in the blind relative to the functional
hemiretina (i.e. the Log ratio between affected and
unaffected fields) of the same eye are reported. Fig. 6A
compares mean relative losses in affected hemiretinae of
the eyes either contralateral or ipsilateral to the brain
lesion for both stimulus conditions. Average losses in
the affected hemiretina were more marked (T (13):
3.4, PB0.05) for the 6 Hz–5 c deg1 in comparison
to the 15 Hz–0.58 c deg1 condition. For the latter
condition, relative losses were observed only in the
temporal (i.e. ipsilateral to the lesion) retina. In Fig. 6B,
relative PERG losses at 6 Hz–5 c deg1 recorded
individually from patients are plotted as a function of
age at onset of brain injury. The numbers in parenthe-
ses in the plot indicate for each patient the time in
months elapsed from injury. Losses in the temporal-ip-
silateral eye, but not those in the nasal-contralateral eye
hemiretinae tended to increase with either decreasing
age at onset (r20.72, PB0.01) or increasing time-
since-injury (r20.53, PB0.05).
4. Discussion
In the present study, PERGs to different spatio-tem-
poral stimuli, 6 Hz–5 c deg1 and 15 Hz–0.58 c
deg1, presented to retinal fields located nasally and
temporally to the vertical meridian, were evaluated in
adult normal subjects and in patients with homony-
mous hemianopias due to post-geniculate lesions. The
stimulus conditions were chosen in order to enhance the
relative contribution of P- or M-GC subsystems. Previ-
ous studies (Porciatti, Burr, Morrone & Fiorentini,
1992; Padovano, Falsini, Ciavarella, Moretti & Porci-
Fig. 4. PERG amplitudes recorded individually from nasal and
temporal hemiretinae of control subjects and patients for both stimu-
lus conditions employed in the study (see Section 2).
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Fig. 5. Mean (9S.E.M.) PERG amplitude ratios between nasal and
temporal hemiretinae calculated for control subjects and heminanopic
patients.
temporal retina. In particular, Curcio and Allen (1990)
found that human ganglion cell density is about 15%
higher in nasal retina than in the temporal retina at
equivalent eccentricities from 0.4 to 2 mm from the
foveola. The PERG naso-temporal asymmetry found in
our control subjects tended to be larger and more
systematic for the 15 Hz–0.58 c deg1 in comparison
to the 6 Hz–5 c deg1 stimulus (see Figs. 2 and 5).
This finding, which has not been reported previously,
suggests that naso-temporal retinal differences are more
marked for the M- in comparison to P-GCs. Histologi-
cal data in primates (Silveira & Perry, 1991) also sug-
gest that naso-temporal asymmetry is greater for M-GC
than for the total GC density.
The findings obtained in patients indicate that, in
case of surgical or ischemic brain lesions affecting
post-geniculate visual pathways, a retinal dysfunction
can be documented by the hemifield PERG. The phe-
nomenon of TRD of the retinal GC layer and its
functional consequences is well established in primates
(Cowey & Stoerig, 1991). TRD in infants and children
with developmental brain lesions is also well docu-
mented (Hoyt et al., 1972). However, the clinical
demonstration of acquired TRD in human adults is still
controversial (Miller & Newman, 1981). A possible
reason for the contrasting findings in adult patients
with post-geniculate lesions may be that in humans, as
in non-human primates, TRD depends both on the age
at onset and time elapsed after the onset of lesion.
Long-lasting lesions having their onset late in adult-
hood may not induce TRD. Regarding functional con-
sequences of TRD, PERG abnormalities in a
hemianopic patient have been described in the past only
in one study (Stoerig & Zrenner, 1989). Stoerig and
Zrenner (1989) reported that the PERGs recorded from
the patients blind hemiretinae were altered to some
extent in comparison to those from functional hemireti-
nae, as well as from hemiretinae of a normal control.
By contrast, Skrandies and Leipert (1988) did not find
significant differences in transient PERG amplitudes
recorded from the blind and functional hemiretinae of
two patients with lesions restricted to cortical areas.
These different results could be at least in part ex-
plained by differences in the PERG stimulation:record-
ing techniques employed. None of these studies
investigated the relative impairment of PERG responses
to stimuli enhancing the contribution of P- and M-GC
subsystems.
The present data, showing specific PERG losses for
low-temporal and high-spatial frequency stimuli, sug-
gest a loss or dysfunction of mainly P-GCs in the
affected hemiretinae. Experimental evidence in primates
(Van Buren, 1963; Cowey, 1974; Cowey et al., 1989)
indicates that a lesion of the optic radiations or striate
cortex causes within weeks retrograde degeneration in
the LGN (Mihailovic, Cupic & Dekleva, 1971) and,
atti, 1995) have indeed suggested that achromatic grat-
ings with appropriate spatio-temporal stimulus combi-
nations can enhance the relative contribution to the
PERG of M- or P-GC subpopulations. Therefore, un-
der the present experimental conditions, the PERG may
evaluate in normal and diseased retinae the predomi-
nant response of M-or P-GCs, depending on the spatio-
temporal stimulus employed. The results showed that in
normal subjects PERG responses were significantly
larger in the nasal in comparison to temporal hemireti-
nae, and that in hemianopic patients PERGs were
significantly altered in the hemiretinae corresponding to
blind hemifields, with greater losses for stimuli enhanc-
ing the contribution of P-GC subsystem.
The results in normal subjects are in agreement with
previous studies (Bopp, 1982; Yoshii & Paarmann,
1989) showing that PERG amplitudes tend to be larger
in the nasal than in the temporal hemiretinae. Although
some other studies (Katsumi, Tetsuka, Mehta, Tetsuka
& Hirose, 1993) were unable to confirm these findings,
a ‘superiority’ of the nasal over the temporal hemiretina
is consistent with histologic studies in humans (Curcio
& Allen, 1990) and primates (Perry & Cowey, 1985;
Silveira, Perry & Yamada, 1993), indicating a higher
ganglion cell density in the nasal in comparison to the
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Fig. 6. (A) Mean (9S.E.M.) PERG amplitude losses recorded for both stimulus conditions in the blind relative to the functional hemiretina (i.e.
the Log ratio between affected and unaffected fields) of the same eye of patients. Contralateral and ipsilateral eye indicate the eye contralateral
or ipsilateral to the brain lesion, respectively. (B) Relative PERG losses at 6 Hz–5 c deg1, recorded individually from patients, plotted as a
function of the corresponding age at onset of brain injury. The numbers in parentheses indicate the time elapsed from injury for each patient.
Losses in the temporal-ipsilateral eye (filled circles), but not those in the nasal-contralateral eye (open circles) hemiretinae tended to increase with
either decreasing age at onset (r20.72, PB0.01) or increasing time-since-injury (r20.53, PB0.05).
much more slowly, in the retinal ganglion cell layer,
involving mainly P-GCs (Cowey et al., 1989). Relative
sparing of M-GCs is most commonly explained (Cowey
et al., 1989; Cowey & Stoerig, 1989, 1991) by their
direct projections to extrageniculate targets, or by their
having more pronounced lateral connections both in
the retina and the LGN. In addition, it has been shown
(Watanabe, Sawai & Fukuda, 1995) that M cells can be
more resistant, compared to P cells, to optic nerve
axotomy. It should be noted, however, that significant
PERG losses were found in some patients within weeks
from the brain injury responsible of their hemianopia,
and it is unlikely that at that time a neuronal retinal
degeneration could have already developed. An alterna-
tive explanation is that PERG abnormalities reflect GC
dysfunction that precedes neuronal death. Support for
this explanation comes from the fact that only two out
of eight patients included in this study showed clinical
signs suggestive of trans-synaptic optic atrophy. One of
them had suffered from a brain lesion at the age of 12
months, was tested 20 years after the injury and can
represent a case of developmental brain disorder result-
ing in TRD (Kupersmith et al., 1994). The other patient
had a brain injury at 24 years of age, and the time
elapsed before clinical testing was 12 months. This case
cannot be categorized as developmental lesion, and
represents a trans-synaptic optic atrophy occurring in
adulthood. Hemifield PERG losses were not directly
correlated with funduscopic signs of optic nerve atro-
phy, since they were found also in patients with normal
optic disks and nerve fiber layers.
In this study, we found that the amount of PERG
loss in the hemiretinae ipsilateral (i.e. the temporal
hemiretinae), but not in those contralateral to the brain
lesion were significantly correlated with either the age
at onset of injury or the time elapsed since injury. These
findings suggest that retrograde GC dysfunction in the
temporal hemiretinae is dependent on these two factors,
or, more probably, on the combination of both. It is
interesting to note that, in primates, the amount of GC
degeneration depends on the age at the time of lesion
when the survival period is held constant (Dineen &
Hendrickson, 1981). Animals lesioned between 2 and 15
months of age show much greater GC loss than those
lesioned in adult life (Dineen & Hendrickson, 1981). As
a tentative explanation for the differential effect on
nasal and temporal hemiretinae found in our patients,
we may presume that the nasal retina, having a higher
G. Porrello, B. Falsini : Vision Research 39 (1999) 1739–1748 1747
GC density compared to temporal retina, may be some-
what more resistant early in life to the pathogenetic
mechanisms responsible of trans-synaptic GC dysfunc-
tion. Similarly, the effect of the time that elapsed since
the lesion may be expected to be less pronounced on
the nasal in comparison to the temporal hemiretina. On
the other hand, PERG losses found in the eyes ipsilat-
eral to the lesion appear to be, as a function of either
age at onset or time-since-injury, quantitatively similar
to GC losses found in monkeys lesioned at different
ages, i.e. approximately between 80–20%, depending on
age at onset of the lesion (Dineen, & Hendrickson,
1981).
In summary, the present findings indicate that the
PERG to specific spatio-temporal stimuli can detect in
humans the functional effects of post-geniculate lesions.
The retinal deficits detected by the PERG could reflect
neuronal dysfunction, anatomical degeneration, or
both. Only longitudinal studies, where both PERG and
optic nerve fiber layer will be evaluated in patients with
post-geniculate lesions, should clarify whether early
hemiretinal PERG losses following a brain injury may
predict subsequent GC degeneration.
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